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BASICRANIAL ANATOMY OF THE EARLY
MIOCENE DIPROTODONTIAN Wynyardia bassiana
(MARSUPIALIA: WYNYARDIIDAE) AND ITS
IMPLICATIONS FOR WYNYARDIID
PHYLOGENY AND CLASSIFICATION

APLIN'

The basicranial region of the early Miocene diprotodontian Wynyardia bassiana is re-examined, with special reference
to the structure of the auditory region and the glenoid fossa. Drawing on broad comparative studies, these regions of the
Wynyardia basicranium are shown to be distinctly diprotodontian-like rather than didelphoid-like as previously reported.
Current inclusion of Wynyardia within Diprotodontia, as based on general cranial, postcranial and neuroanatomical features,
is thereby reinforced. Compared with other diprotodontians, Wynyardia is shown to differ significantly in auditory anatomy from
members of each of the three major, infraordinal groups (i.e., Phalangerida, Vombatomorphia and Phascolarctomorphia),
including those families with which it has been tied in the past (i.e., Phalangeridae, Macropodidae and Vombatidae). On
cladistic grounds, however, it is concluded that Wynyardia falls closer to the Vombatomorphia than to either other group.
Within this group, Wynyardia appears to be the most plesiomorphic and generally least specialised of known forms and as
such may represent the sister group of all other vombatomorphians. Formal recognition of such a relationship is deferred
pending further studies of the post-cranial skeleton of Wynyardia and resolution of its relationship with respect to certain South
Australian Miocene age diprotodontians recently referred to Wynyardiidae.
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INTRODUCTION

IN THE years since Spencer (1901) first
described Wynyardia bassiana, this phylo-
genetically enigmatic Miocene diprotodontian
has been re-examined by a succession of palaeon-
tologists (e.g., Gill 1957; Ride 1964) and
comparative anatomists (e.g., Jones 1931; Haight
and Murray 1981). While this has clarified other
questions about its age and palaeohabitat (cf.
Aplin and Rich 1985), its relationships to other
fossil and living marsupials remain in significant
doubt. Over the last twenty years, for example,
Wynyardia has been variously regarded to be: a
primitive diprotodontian showing many didel-
phm{l features (Ride 1964; Kirsch 1977); a
“vombatoid” (vombatiform of Aplin and Archer
1987) with possible atfinities to either Vombatidae
(Rich and Archer 1979; Pledge lf-}ST} or Di-
protodontoidea (Archer 1984); d[ll:l a “phalanger-

most of which are represented by nothing but
teeth. Moreover, the study of skeletal features
other than the dentition has been largely
neglected within Marsupialia and attempts to
determine the phylogenetic position of Wynyar-
dia on the basis of cranial and postcramal
characters have been hindered by this fact.

One aspect of skeletal structure in ‘ihmmdm
that has attracted considerable attention is the
anatomy of the auditory region. That this region
of the cranium is well preserved in Wynyardia was
noted by both Spencer (1901) and Jones (1931)
but neither author gave more than superficial
remarks regarding its anatomy or significance. It
fell to Ride (1964), therefore, to first adequately
prepare this region of the skull and to explore its
potential value for phylogenetic interpretation.
Based on his analysis and comparisons, Ride

oid” (phalangeridan of Aplin and Archer 1987)
and possibly close to Phalangeridae (Haight and
Murray 1981).

To a l:llg'l? rlcgr-;c this uncertainty over the
taxonomic position of anymdm reflects the
inherent limitations of the sull unique holotype.
In particular, the complete absence of teeth from
the broken cranium and jaws has severely
restricted comparisons with other fossil taxa,

(1964:115) concluded that the auditory region in
Wynyardia is “. . . almost identical with that of
modern  Didelphis  virginiana  (a  didelphid
marsupial) . . .”. On this basis he characterised
Wynyardia as a “primitive diprotodont” showing
“clear evidence of marsupicarnivoran origins ot a
didelphid kind . . .” (1964:115). This concept was
subsequently formalised by Kirsch (1977)
through his recognition of a monotypic super-
family, Wynyardioidea.
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As noted above, a more contemporary view of
Wynyardia would place it close to either
Phalangeridae, Vombatidae or Diprotodontidae,
based on aspects of its postcranial anatomy (Ted-
ford et al. 1977), other features of the cranium
(Rich and Archer 1979; Pledge 1987) and on the
gross morphology of its endocranial cast (Haight
and Murray 1981). Since in all of these taxa the
auditory region 1s significantly more specialised
than that of any didelphid (Kampen 1905; Segall
1969; Surton 1967), Ride’s (1964) observations
about Didelphis-like basicranium features in
Wynyardia should probably be reconsidered.

In this article 1 present the results of such a
detailed comparative study of the auditory
region and glenoid fossa in Wynyardaa.

TERMINOLOGY AND ABBREVIATIONS

A comprehensive terminology for the mar-
supial auditory region was given by Archer
(1976), based largely on the earlier works by
Kampen (1905), Gregory (1910) and Kampen
(1931) but incorporating some new information
on homologies with otic structures in the
mammal-like  reptiles. Although  Archer’s
terminology 1s unambiguous and has historical
continuity with these earlier works, 1t differs in
many respects from the terminology currently in
use (and developed largely since Archer’s study)
for the descripuon ol auditory structures in
placental mammals. Since many of the structures
concerned are undoubtedly homologous
between placentals and marsupials, it 1s in the
interests of students of both groups and of
basicranial morphology per se that a consistent
terminology be employed wherever possible.
Among recent works on placental auditory struc-
tures, that of MacPhee (1981) presents the most
comprehensive terminology and contains the
best documented glossary; it is also coming into
general usage among placental systematists. For
these reasons MacPhee's terminology is
employed here as it is also in Aplin and Archer
(1987). In the case of structures without obvious
homologues in placental mammals, I have either
followed Archer’s terminology or, for previously
unnamed structures, coined an appropriate new
term. Muscular features not listed by MacPhee
(1981) or Archer (1976) are named in accordance
with Barbour's (1963) nomenclature for the
Brush-tailed Possum, Trichosurus vulpecula.
Abreviations of all anatomical terms used in Figs
2-9 are listed below.

All measurements are in millimetres and were
taken directly from the specimen using dial
calipers.

ABBREVIATIONS

The following list refers to abbreviations used
in Figs 2-8 and, in some cases, as a shorthand
throughout the text.

ae  articular emminence (of the glenoid fossa)
amr anterior malleolar ridge

ap tympanic process of the alisphenoid
ats  sulcus for auditory (eustachian) tube
b basisphenoid

bf  basicapsular fenestra

bo  basioccipital

cat auditory tube canal

cp caudal tympanic process of petrosal
eam external auditory meatus

em meatal process of ectotympanic

er  epitympanic recess

fcf fossula of cochlear fenestra

ff  foramen faciale

fo foramenovale

fp  anterior (folian) process of malleus
fr  foramen rotundum

fs  facial sulcus

fvf fossulaof vestibular fenestra

gt glenoid tossa

hp hamular process of pterygoid

1 Incus

icc  internal carotid canal

ict  internal carotid foramen

if  1ncudal fossa

ijf  foramen of internal jugular vein

ips  sulcus of inferior petrosal sinus

] jugal

mes mastoid epitympanic sinus

mf mandibularfossa (of glenoid fossa)
mr mastoid process (nontympanic) of petrosal
oc  occipital condyle

pa palatine

pt  pterygoid fossa

pgr postglenoid cavity

pgl postglenoid foramen

pgp postglenoid process

plf posteriorlacerate foramen

pp paroccipital process

pr  promontory of cochlea

pt  pterygoid

PT_P PDS[ t}rmpdmc p]'()lf_ﬁ"ih ol squ;lmn'ml
pw epitympanic wing of petrosal

pyt pyriform fenestra

rp  rostral tympanic process of petrosal
sep entoglenoid process of squamosal
st fossaforstapedius m.

sqp t}fmpamc process of squamosal

sqs  epitympanic sinus of squamosal
sqw epitympanic wing of squamosal

sst  subsquamosal foramen

sty sinus lympdm

sw  epitympanic wing of alisphenoid

tc  transverse canal

tf  fossaof tensor tympani

DESCRIPTION
(GENERAL OBSERVATIONS

Preservation: General views of the dorsal and
ventral surfaces of the damaged cranium are
shown in Fig. 1. Comparison with earlier illustra-
tions such as Spencer (1901, plate 49) and Jones
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Fig. 1. Wynyardia bassiana Spencer, holotypic cranium in dorsal (left) and ventral (nght)
views. Scale bar represents 10 mm. Compared with previous illustrations (e.g.,
Spencer 1901, plate 49; Jones 1931, plate 5), note alteration to shape of anterior part
of zygomatic arch, resulting in a more gently sloping contour. Note also that, due to
presence of matrix-wedged fracture at posterior end of arch, its anterior part cannot
be exactly fitted to its maxillary root.

(1931, plate 5) reveals a slight change in the
morphology of the anterior part of the zygomatic
arch. This is the result of minor corrective recon-
struction of this region by the present author (see
caption for Fig. 1). Otherwise preparation of the
specimen was limited to some cleaning of the
right auditory region. The left tympanic cavity
appears to be less complete. It was left unpre-
pared.

Despite its damaged condition, the specimen
retains excellent anatomical detail, particularly
with regard to muscular and neurovascular
impressions, and appears to have suffered little
overall distortion of shape.

Sutural relations: Sutural contacts are generally
well-defined due to the penetration into even the
finest sutures of the contrasting white limestone
in which the specimen was preserved. Identifica-
tion of sutures in some areas proved impossible
(e.g., in the sphenoid complex; see below), but
this is to be expected given the clearly advanced
individual age of the specimen (as indicated by
the prominent development of the sagittal and
nuchal crests).

As shown in Fig. 2, I regard the alisphenoid to
be absent from the middle-ear roof in Wynyardia.
Because this observation is critical to the present
interpretation of the phylogenetic significance of
Wynyardia, the course of the alisphenoid-
squamosal suture, insofar as it pertains to the
auditory region, is described in detail.

As noted by Jones (1931), the alisphenoid-
squamosal suture is most distinct just behind the
complex muscular fossae of the infratemporal
fossa. From this point, the suture runs postero-
medially, staying well clear of the glenoid fossa,
to approach the anterolateral corner of the
exposed tympanic cavity. From there it follows
the margin of the tympanic cavity, running first
across the front and then down the medial
margin of this structure. Over the section
between the infra-temporal fossa and tympanic
cavity, the suture is finely convoluted, forming a
low, narrow ridge. By contrast, across the front of
the tympanic cavity, the bones interdigitate in
complex fashion. Finally, down the medial side of
the tympanic cavity, the alisphenoid is rep-
resented by a thin, subvertical lamina which
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overlays but does not interdigitate with the later-
ally placed squamosal. The ragged appearance of
the posterior margin of the alisphenoid suggests
the former presence of a substantial tympanic
process (see below).

Within the sphenoid complex itself, I am
unable to distinguish separate alisphenoid,
orbitosphenoid or basisphenoid elements, nor
can I accurately determine the former location of
the intersphenoidal synchondrosis. This is the
usual condition only among very aged indi-
viduals of most species of marsupaials.

Non-auditory structures: Most of the important
anatomical features outside of the auditory
region have been correctly identified and
adequately described by one or other of Spencer
(1901) or Jones (1931). The following brief
comments are thus not intended to be compre-
hensive but should serve rather to confirm the
identity of the major features and to draw atten-
tion to some lesser ones that have not previously
been noted; a range of non-auditory structures
are indicated in Fig, 2.

Basisphenoid: The precise limits of the basi-
sphenoid cannot be determined. In general,
however, it 1s a flat rhomboidal element which
hes in the same plane as the (indistinct)
presphenoid. Posteriorly the basisphenoid
appears to have been incompletely fused to the
basioccipital. Approximately one-third to one-
half the way along its probable original length,
the basisphenoid is perforated by large
entocarotid foramina which open directly into
the endocranial cavity. Associated with these
foramina are well-defined entocaroud sulci
which might once have been partally floored
(l.e., to form true canals). Large entocarotid
processes project posteriorly beyond the main
body of the basisphenoid. Other features of note
are the strongly developed, paired muscular
fossae (for mm. longus capitus) and the presence
of well-defined bilateral sulci indicating the line
of attachment of the missing pterygoid bones.

Alisphenoid: As indicated above, the alisphenoid
does not contribute to the roof of the tympanic
cavity but it might have supplied a ventral
tympanic process. Other interesting features are
the very reduced size of the transverse canal, the
lack of a well-defined neurocranial pterygoid
fossa, the large and complex pterygoid lamina
and the well-defined sulci for the ma‘;-::rr rami of
the mandibular division of n. trigeminus.
Whether Wynyardia possessed a foramen ovale as
against a f. pseudovale (sensu Archer 1976)
cannot be determined because the relevant area
15 damaged.

Squamosal: The squamosal is a robust element
which is suturally distinct from the petrosal along

the entire length of preserved contact. This 1s of
some interest given the advanced individual age

of the specimen. Another feature of note is the
large size of the neurocranial lamina of the
squamosal. With Spencer (1901), I regard this
element to meet the frontal along a broad front in
the infratemporal fossa. This conflicts with
Jones’s (193 1) interpretation of the squamosal as
a more restricted element. All other features
relating to this bone are discussed below.

Petrosal: The petrosal is of typical mammalian
form (cf. MacIntyre 1972). Three major com-
ponents are distinguished: a pars cochlearis
which formerly contained the membraneous
labyrinth of the inner ear; a pars canicularis
containing the gyri of the semicircular canals and
enclosing the subarcuate (parafloccular) fossa;
and a laterally directed “tegmen tympani”.
Aspects of its endocranial morphology are
reported in the accounts of Spencer (1901), Jones
(1931) and Haight and Murray (1981).

The sub-vertically oriented medial surface of
the petrosal shows several features of interest.
Posteriorly, there is a broad, vertically-oriented
sulcus marking the position of the posterior
lacerate foramen. This lies directly medial to the
sinus tympani of the tympanic cavity (see below).
An ellipucal perilymphatic foramen measurmg
2.1 by 1.0 mm is present near the ventral margin
of this sulcus.

Anterior to the posterior lacerate sulcus, the
medial face of the petrosal displays a ventrally-
placed, rugose area and a dorsally-placed sub-
horizontal sulcus. Of these the rugose area most
likely represents a zone of former bony contact
with the now-missing basioccipital bone. The
dorsal sulcus, defined endocranially by the
inferior petrosal ridge, is clearly of vascular
origin. It most likely marks the passage of a large
inferior petrosal sinus.

THE MIDDLE-EAR

The anatomy of the night tympanic cavity of
Wynyardia is illustrated in Fig. 2. Damage to this
part of the cranium has resulted in the loss of all
tympanic floor elements, including the ecto-
tympanic, and the auditory ossicles. The roof of
the middle ear itself 1s undamaged save for the
presence of a clean fracture through the root of
the tegmen tympani.

Major roof elements

The roof of the tympanic cavity is comprised of
contributions from only two primary basicranial
elements: the squamosal and petrosal. The
alisphenoid is not represented in the roof of the
tympanic cavity other than as part of the
thickened base of the now truncated anterior
Lympanic process.

Squmnmu.f: This element contributes to enclosure
of the tympanic cavity in two areas. Anteriorly, it
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Fig. 2. Wynyardia bassiana Spencer. Stereopair of right auditory

region and adjacent structures along with annotated line
drawing. Key to most abbreviations used in this and all
subsequent figures is given in text. Key to numbered struc-
tures: 1, course of alisphenoid-squamosal suture; 2, possible
insertion area for m. zygomatico-auricularis; 3, lamina of
ssquamosal projecting beneath postglenoid foramen and
identified as probable attachment fossa for ectotympanic
anterior crus; 4, fissure between tegmen tympani and
squamosal identified as probable secondary attachment site
for anterior crus; 5, base of truncated alisphenoid tympanic
process; 6, small pit on anterior pole of petrosal, possibly for
reception of entocarotid process of sphenoid; 7, sulcus
indicating former line of attachment of posterior process of
pterygoid; 8, pterygoid complex of sphenoid; 9, rugose
former contact zone between petrosal and basioccipital; 10,
sulci for major branches of mandibular division of 5th cranial
nerve; 11, sulcus forming lateral wall of posterior lacerate
foramen; 12, rugose “medial crest” of pars cochlearis of
petrosal. Broken areas are indicated by cross hatching.

ips

tep
11

contributes a prominent squamosal epitym-
panic wing (SQW) which arises medial to the
glenoid region and thus forms the greater
part of the roof of the anterior tympanic
chamber. Anteriorly and medially the SQW is
firmly united with the alisphenoid. As noted
above, the anterior section of this contact forms a
complex, intercalcated suture. Laterally, the
SQW abuts against the anterolateral surface of
the pars cochlearis of the petrosal; the pyriform
fenestra is thereby reduced to a narrow sht
Posteriorly, it abuts against the anterior surface
of the tegmen tympani (of the petrosal; see
below). No septum is developed along this
contact.

The tympanic surface of the SQW bears a shal-
low depression and slopes away ventrally from
back to front. Enclosed within the thickened
anterolateral margin of this element there 1s a
small cellule which does not appear to communi-
cate with the tympanic cavity (see Fig. 2). This
may originally have been marrow-filled.

Posteriorly to the region of the epitympanic
wing and medial to the postglenoid cavity, the
squamosal supplies the lateral wall of the
epitympanic recess. This takes the form of a low,
downturned ridge which is continuous posteriorly
with the tuncated portion of the post-tympanic
process of the squamosal. Anteriorly, this flares
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laterally to shield the postglenoid foramen. As
shall be discussed below, this may represent a
point of insertion of the missing ectotympanic.

Petrosal: 'The promontory is a tear-shaped
eminence which occupies the postero-medial
region of the tympanic cavity. As in other
mammals, 1t 1s perforated by two primary
fenestrae and bears a number of significant
neurovascular and muscular impressions (see
below).

Medially, the promontory bears a low, rugose
crest. This 1s roughly cresentic in shape, being
narrowest anteriorly and expanding to attain its
maximum width on the rear of the promontory.
The anterior part of the “medial crest” is particu-
larly rugose. Immediately in front of this feature
is a small, anteriorly facing depression (also
visible on the opposite side of the specimen). As
suggested by Ride (1964), this may represent a
point of bony contact between the pars cochlearis
and some anteriorly-placed element. I concur
with this view and suggest the sphenoid
entocarotid process as a likely participant. The
anterior pole of the petrosal is clearly truncated
to some degree but also appears to be naturally
foreshortened.

The fenestra vestibuli faces anterolaterally into
the epitympanic recess. It measures 1.2 X 0.7 mm
and lies within a shallow fossula.

The fenestra cochleae faces posteriorly into the
sinus tympani and lies within a deep cochlear
fossula. Externally, the fossula measures 1.7 X
1.2 mm with its long axis tilted slightly in a
clockwise direction (as viewed from behind).
Posteroventral to the wvestibular fossula, the
promontory displays a noticeable bulge.

The tegmen tympani i1s a relatively small,
triangular-shaped structure with its apex
directed antero-laterally. This process could well
be of compound origin incorporating not only
the cartilage preformed body of the true tegmen
tympani (strictly an anteriorly-directed extension
of the crista parotica) but also any other out-
growths from the main body of the otic capsule.
If so, these elements are well-fused in this
specimern.

The broken posterior margin of the petrosal
represents the basal portion of a truncated caudal
tympanic process. Although broken near its base,
enough of this process survives to indicate its
roughly transverse orientation, its relatively close
proximity to the rear face of the promontory and
its moderately robust construction. There 1s
nothing about the preserved parts of this region
to suggest that it was the site of extensive
pneumatisation of the kind seen in many modern
diprotodontians (see below).

Tympanic spaces

As noted previnusly by Ride (1964), the
tympanic cavity is a small chamber only slightly
larger than that in speueq of Didelphis. Although
it lacks the prominent septa, deverticula or
accessory sinuses which npmdl]}; result from
significant secondary pneumatisation, it is
nonetheless convenient for descriptive purposes
to recognise the following three “principal”
Spaces: an epilympanic recess, an anterior
tympanic chamber and a sinus tympani. These
are most readily defined on the basis of morph-
ological features of the middle-ear roof.

The epitympanic recess is variously defined as
that part of the middle-ear cavity which
immediately surrounds the auditory ossicles
(e.g., Archer 1976, fﬂllﬂwing Klaauw 1931) or as
a distinct pn6umd11L concavity formed in the
tegmen tympani dorsal to the malleo-incudal
articulation (e.g., MacPhee 1981). In practice,
these amount to much the same thing as most
mammals show some degree of pneumatisation
of the tegmen tympani (MacPhee 1981).

The epitympanic recess in Wynyardia is a
shallow, obliquely oriented depression formed in
the tegmen tympani of the petrosal. Anteriorly,
this is delimited by a low but distinct ridge
running ﬂbliquely across the tegmen tympani to
terminate at its lateral apex. This ridge probably
represents the former line of attachment of an
anterior malleolar ligament (see below).
Laterally, the epitympanic recess is contiguous
with a shallow fissure formed between the
tegmen tympani and the medial surface of
the squamosal. By comparison with the con-
dition in several living diprotodontians (see
below), this depression probably represents an
insertion point for the anterior crus of the
ectotympanic.

The incudal fossa is positioned in the rear of
the epitympanic recess on about the same level as
the fenestra vesubuli. It 1s a shallow depression
formed primarily within the petrosal but
enclosed laterally by the medial rim of the post-
tympanic process of the squamosal.

Anterior to the epitympanic recess there is a
gently concave depression identified herein as
the roof of the “anterior tympanic chamber”. In
Archer’s (1976) terminology, this space would be
identified as a hypotympanic sinus of the primary
enclosing element; e.g., an alisphenoid hypo-
tympanic sinus.

The sinus tympani is that part of the tympanic
cavity located between the rear face of the
promontory and the caudal tympanic process of
the petrosal; in most mammals it surrounds the
aperture of the fossula cochleae. This corres-
ponds with the “mastoid epitympanic sinus” of
Archer’s terminology.
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